We introduce Nd 3 Sb 3 Mg 2 O 14 with ideal kagome lattices of neodymium ions in ABC stacking. Thermodynamic measurements show a Curie-Weiss temperature of CW = −0.12 K, a Nd 3+ spin-1 2
1 2 model forms a quantum spin liquid [2] [3] [4] [5] [6] , while fluctuation induced order is expected for the classical Heisenberg model [7, 8] . While there may not be an "ideal" experimental realization of any of these particular models, each kagome related magnet presents opportunities to explore the effects of distinct interactions on an underlying massively degenerate manifold [9] [10] [11] [12] [13] [14] [15] [16] . Here we report the discovery of an effective spin-1 2 kagome magnet Nd 3 Sb 3 Mg 2 O 14 with scalar chiral spin order that supports topologically protected quantum transport [17] .
Just like the celebrated herbertsmithite kagome system [14, 15] , Nd 3 Sb 3 Mg 2 O 14 is based on selective nonmagnetic doping of the (F d3m) pyrochlore lattice of cornersharing tetrahedra [18] . The parent compound is the disordered pyrochlore Nd 2 SbMgO 7 , which features an ordered (Nd 3+ ) and a disordered (Mg 3+ and Sb 5+ ) sublattice of cornersharing tetrahedra. But while the nominally nonmagnetic zinc sublattice of herbersmithite contains 15% magnetic copper ions, the different charge and size of Sb 5+ (r ≈ 74 pm) and Nd 3+ (r ≈ 125 pm) lead to an ordered layered rhombohedral structure for Nd 3 Sb 3 Mg 2 O 14 with Nd 3+ on a crystallographically ideal kagome lattice and Mg 3+ and Sb
5+
cations segregated onto fully occupied nonmagnetic triangular lattices. These intervening layers should reduce magnetic interactions between kagome planes [19] [20] [21] . The magnetism is based on Nd 3+ where spin-orbit coupling prevails over crystal fields to produce a Kramers doublet protected by time-reversal symmetry. Thus [22] , which also form crystallographically ideal ordered kagome lattices. An isostructural series based on Zn in place of Mg was also recently communicated [23] . This Rapid Communication reports the determination of a magnetic ordered structure in this family of materials. This compound can also be compared to the jarosites, which form ideal ABC stacked kagome lattices [9] with semiclassical spins and long-range magnetic order [24] [25] [26] , and the langasites, which have "breathing" rare-earth kagome lattices with long-range interactions leading to incommensurate magnetism [27, 28] .
Polycrystalline Nd 3 Sb 3 Mg 2 O 14 was synthesized from a stoichiometric mixture of Nd 2 O 3 , Mg(OH) 2 , and Sb 2 O 3 using standard solid state methods. To determine the crystal structure, high-resolution x-ray powder diffraction data were acquired at room temperature using beamline 11-BM at the Advanced Photon Source (APS) at Argonne National Laboratory (λ = 0.414 183Å) and analyzed through the Rietveld method as implemented in FULLPROF [29] . The magnetic susceptibility of Nd 3 Sb 3 Mg 2 O 14 was measured between 1.8 and 300 K in a Quantum Design Physical Properties Measurement System (PPMS) in an applied field of 0.5 T [30] . The magnetization was found to be proportional to the magnetic field for all temperatures above 1.8 K and fields less than 1 T. Therefore M/H at μ 0 H = 0.5 T was used as a measure of the susceptibility. The heat capacity C(T ) was measured between 0.1 and 300 K in zero applied magnetic field in a PPMS equipped with a Quantum Design dilution refrigerator [30] . The sample was a dense polycrystalline pellet with a mass of 0.72 mg.
To investigate the magnetic order of Nd 3 Sb 3 Mg 2 O 14 , neutron diffraction measurements were carried out on MACS at the NCNR [31] . The monochromator was set for vertical focusing of 5 meV neutrons and the horizontal beam divergence was defined by a 50-mm-wide beam aperture before the monochromator and the 20 mm sample diameter to be 1.5
• . 10.2 g of loose Nd 3 Sb 3 Mg 2 O 14 powder was loaded into an aluminum can under 10 bars of helium gas at room temperature. The can was closed with an indium sealed copper lid and cooled to the 50 mK base temperature of a KelvinOx-100 dilution fridge with 100 μW cooling power at 100 mK [30] . A 0.02 Tesla magnetic field was applied throughout to maintain aluminum in the normal state. We acquired diffraction data for 24 h at base temperature (T < 0.1 K) and for 24 h at T = 0.8 K. The neutron diffraction data were analyzed using the FULLPROF [29] and SARAH [32] programs. [19] . The broken symmetries associated with the cubic to rhombohedral transition reflect the loss of intersecting kagome planes in the pyrochlore lattice due to the planar ordering of Nd 3+ , Sb 5+ , and Mg 2+ . In the kagome compound, Nd is found in an eight-coordinated distorted cube (a "scalenohedron") of O atoms with Nd-O bond distances ranging from 2.342(3) to 2.580(4)Å.
Our first aim is to establish the nature of the spin Hamiltonian in Nd 3 Sb 3 Mg 2 O 14 through high-temperature and high-field measurements. Figure 2 (b) shows the temperature dependence of the inverse susceptibility. Curie-Weiss fits in the low T and high T ranges yield effective moments of μ eff (1.8 K < T < 10 K) = 2.50(5)μ B and μ eff (150 K < T < 300 K) = 3.56(5)μ B . The latter value is similar to the free ion value of g J √ J (J + 1)μ B = 3.62μ B for the J = 9/2 multiplet of Nd 3+ . The ratio between the high and low T effective moments is 0.70(2), which is consistent with the value of 1/ √ 2 ≈ 0.707 for an easy-plane ion in the large J limit with a random orientation distribution. Similar low T effective moments have been observed for several other easy-plane neodymium pyrochlore oxides, such as Nd 2 ScSbO 7 (2.58μ B ), Nd 2 Pb 2 O 7 (2.55μ B ), Nd 2 Zr 2 O 7 (2.54μ B ), and Nd 2 Sn 2 O (2.63μ B ) [33] [34] [35] [36] Weiss fit, we extract an estimate for the sum of all exchange constants associated with each Nd site of (1.8 K < T < 10 K) = −0.12(1) K. The large ratio (150 K < T < 300 K)/ (1.8 K < T < 10 K) = 454(5) indicates the lowest lying easy-plane doublet |J,m J = |9/2,±1/2 should suffice to describe the collective magnetism of Nd 3 Sb 3 Mg 2 O 14 .
Shown in Fig. 2(a) is the field-dependent magnetization, M(H ), at 2 K measured for a loose powder. The slight hysteresis in the magnetization data that is particularly apparent near μ 0 H = 2 T may be associated with some reorientation of powder grains that places easy planes parallel to the applied field direction. Nonetheless the measured saturation magnetization is close to the value of M sat = g J (11/6)μ B = 1.33μ B corresponding to random orientation of the easy plane |9/2,±1/2 doublet ground state with respect to the applied field and a Zeeman energy that is far less than the first excited crystal-field level.
To quantify anisotropy and exchange parameters, a consistent fit was carried out to χ (T ) and M(H ) based upon the following mean-field Hamiltonian: H = D CF J an easy-plane Kramers doublet with net antiferromagnetic interactions.
Turning to collective phenomena, Fig. 3(a) shows lowtemperature heat capacity data. Below 0.6 K, the heat capacity strongly increases, with an inflection point at 0.56(2) K. The λ-like anomaly indicates a second-order phase transition at T N = 0.56(2) K, which we shall shortly show is to a threedimensional long-range-ordered canted antiferromagnetic state that carries a finite scalar chirality. The lattice contribution to heat capacity was removed by subtracting the heat capacity of a nonmagnetic analog, La 3 Sb 3 Mg 2 O 14 . For temperatures below 0.2 K a slight upturn in C(T ) is ascribed to a hyperfine field enhanced nuclear Schottky anomaly. The dashed line in this T regime was fit based on this hypothesis and the known hyperfine parameters [37] for the stable spin-full isotopes of neodymium (12.18% 143 Nd and 8.29% 145 Nd both with spin-
) and indicates an ordered Nd moment of 1.5(1)μ B .
By integrating C/T , the T -dependent change in entropy (computed after subtracting the nuclear Schottky contribution to the heat capacity) was inferred [ Fig. 3(c) ]. While significant entropy is liberated at the magnetic phase transition, the amount falls short of R ln 2 anticipated for a ground state doublet. Neglecting any low T configurational entropy, this indicates significant spin correlations for T > T N K. To directly probe the magnetic order parameter we acquired high statistics neutron diffraction data at 0.1 and 0.8 K. The temperature difference in Fig. 4(b) reveals increased intensity at the location of several nuclear Bragg peaks upon cooling below T N . This is consistent with long-range magnetic order with a propagation vector of k = (0,0,0). Fitting the excess diffraction at (101) to the convolution of a Lorentzian peak with a Gaussian peak that fits the high T (101) peak and so accounts for the instrumental resolution, we obtain a lower bound on the magnetic correlation length at T = 0.1 K of ξ > 400Å = 55a. Figure 3(d) shows the peak area (extracted from Gaussian fits) of the (101) peak versus T . The onset for T < T N links the extra diffraction intensity to the squared order parameter of the phase transition. Knowing the critical temperature from the heat capacity data, we compare the T -dependent diffraction to that anticipated for phase transitions of different universality classes. The data are inconsistent with mean-field criticality and exclude a two-dimensional (2D) Ising transition. Fitting the data within 20% of T N yields a critical exponent β = 0.34(4) which is consistent with three-dimensional (3D) Ising, XY , and Heisenberg criticality. Both the diffraction line shape and the experimental value for β, however, exclude a 2D transition.
To determine the magnetic structure we carried out a Rietveld refinement of the T = 0.1 K data, which contains nuclear as well as magnetic diffraction. Refinement of the nuclear component started from the high T structure determined by x-ray diffraction (Fig. 1) . We used representation analysis as implemented in the SARAH program to classify magnetic structures according to the three irreducible representations (IRs) of the R3m space group. Only the three-dimensional representation denoted 3 provides an acceptable fit (Fig. 4) . For comparison the goodness of fit parameter χ 2 increases by a factor of 20 and 59 for the six-dimensional 5 irrep and the one-dimensional 1 irrep, respectively. The magnetic diffraction intensity was isolated from the nuclear component by subtracting the 0.8 K data from the 0.1 K data in Fig. 4(b) . Apart from a slight discrepancy near (202), which results from systematic errors associated with subtracting intense nuclear peaks acquired at different temperatures, the intensity of magnetic and nuclear diffraction associated with the fit in Fig. 4(a) is consistent with the difference data.
With moments canted along a common c direction and pointing either "all-into" or "all-out" from their triangles, the 3 magnetic structure has an umbrellalike character and carries a net moment along c. The ordered magnetic moment extracted from refinement is 1.79(5)μ B . This is consistent with the observed saturation magnetization assuming an easy-plane moment and with the ordered moment inferred from the nuclear Schottky anomaly. Related umbrellalike structures were previously reported in jarosite compounds with S 3/2. For KFe 3 (OH) 6 (SO 4 ) 2 the out-of-plane spin component alternates between layers so the unit cell is doubled [38, 39] , while KCr 3 (OH) 6 (SO 4 ) 2 appears to have the same structure as Nd 3 Sb 3 Mg 2 O 14 though spin canting was not reported [25] . We find a spin canting angle of η = 30.6(5) [22] . The proposed Gd and Er 120
• structure corresponds to irrep 1 , which is inconsistent with the diffraction data for Nd 3 Sb 3 Mg 2 O 14 as noted above. The "two-in-one-out" structure proposed for Dy corresponds to a combination of irreps 3 and 5 . With a χ 2 value 32 times larger than that for our umbrella structure, the Dy model can also be excluded for Nd 3 Sb 3 Mg 2 O 14 . In addition, the presence of two irreps would require a first-order phase transition, which Nd 3 Sb 3 Mg 2 O 14 does not have.
Dzyaloshinskii-Moriya (DM) interactions are allowed by symmetry when the midpoint between magnetic ions is not a point of inversion. In jarosites, DM interactions favor the alternating umbrella structure [26, [39] [40] [41] . Likewise in Nd 3 Sb 3 Mg 2 O 14 oxygen atoms surrounding each Nd site are tilted in an alternating pattern that allows DM vectors in the midplane between interacting spins with the orientations indicated in Fig. 1 . The corresponding interactions D · (J i × J j ) favor the 3 uniform umbrella structure that we infer from diffraction data [26, 39, 41] . Given the strongly anisotropic nature of the |9/2,±1/2 state, the large canting angle is to be expected. For semiclassical spins η is related to a ratio of interactions as follows [40] :
Here 14 at T N = 0.56(2) K is clearly a 3D transition but the reduced change in entropy at T N is consistent with a quasi-2D regime for T > T N that could be a 2D quantum spin liquid [43, 44] . Through detailed bulk and neutron scattering experiments on Nd 3 Sb 3 Mg 2 O 14 , we have provided an atomic scale view of magnetism in a new family of rare-earth kagome magnets. The noncoplanar k = 0 umbrella structure we observe carries uniform magnetization along c and is favored by the staggered Dzyaloshinkii-Moriya interactions anticipated for rare-earth ions on this lattice. The corresponding scalar chiral spin structure implies Berry curvature, which should produce an anomalous thermal Hall effect and topologically protected edge states below and possibly even above T N [45] .
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